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REMARKS/ARGUMENTS 

Claims 1-24 are pending. Claims 1-18 have been canceled. Claims 
19-24 have been rejected. Claims 25-32 have been added. Applicants hereby elected 
to prosecute the Claims of Group III (Claims 19-24) without traverse. 

The amendment of Claim 19 is supported by original Claim 1 . The 
amendment of Claim 20 is supported by original Claim 1 . Support for new claims 25 
32 are supported individually and in order by original claims 7-10, 12 and 3-5. 

THE SI 12(a) REJECTION 

Claim 20 has been rejected under 35 U.S.C. §1 12 second paragraph as 
being indefinite. 

Claim 20 was rejected, because it was "confusing . . . because it is 
unclear whether the filaments have a sheath-core structure or the reinforcing fiber has 
a sheath core structure." Claim 20 has been amended making it clear that it is the 
filaments that have the sheath-core structure. For this reason, Claim 20 is definite and 
applicants respectfully request withdrawal of this rejection. 

THE 8103(a) REJECTION 

Rejection of Claim 19: 

Claims 19, 23 and 24 have been rejected under 35 U.S.C. 103(a) as 
being unpatentable over U.S. Patent No. 4,414,030 to Restrepo (herein, Restrepo) in 
view of Japanese Patent Publication No. 06- 122821 A to Martinus et al., (herein, 
Martinus) and U. S. Patent No. 4,552,805, to Fish Jr, et al., (herein Fish). Applicants 
traverse the rejection and respond as follows. 

The Office Action asserts that Restrepo describes that the "mixing 
operation causes the fibrils of the fibrous material to become further fibrillated or 
refibrillated." Applicants do not disagree, but point out that Restrepo when mixing 
with concrete and water specifically teaches that "besides breaking the plastic ribbon 
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apart into separate monofilaments, secondary branched microfibrils or fibrets are 
brought forth ... at points along the sides of the monofilament's length." (col. 5, 
lines 57-60). Thus, it is clear that the simple batch mixing of concrete and water in a 
conical mixer with the fiber ribbons of Restrepo completely fibrillates into individual 
filaments and starts to micro-fibrillate these filaments all along their length, (col. 5, 
lines 45-50). 

The Office Action asserts that one of ordinary skilled in the art would 
modify the process of Restrepo by using the method of Martinus so as to form frayed 
fibers at the end of the fibers. The Office Action, however, states that "the mixer 
transmits higher shearing force to the mixture to thereby form two or more fibrils on 
the ends of the fibers." The Office Action further states that "it would have been 
prima facie obvious to one ordinary skill in the art . . . and one of ordinary skill in the 
art would have been motivated to significantly fibrillate the ends of the reinforcing 
fibers during the mixing operation in the process of Restrepo as taught by Martinus." 
Finally, the Office Action stipulated that "the majority (e.g., at least 50%) of the fibers 
in the modified process of Restrepo in view of Martinus et al. would have been 
fibrillated at their end." 

Applicants disagree and respond as follows. Restrepo clearly teaches 
that simple mixing of concrete, water and plastic ribbon (i.e., low shear propeller 
conical mixer) completely fibrillates the starting plastic ribbon into filaments which 
then are further fibrillated all along their lengths in a time that is on the order of 6 
minutes or less. (col. 7, lines 40-42) and that this is desirable for concrete. In contrast, 
Martinus specifically describes high shear mixing, where the mixer has to be cooled 
(paragraph 8 of machine translation). Further, Martinus specifically cites EP261820 
(attached) as having similar compositions as that of Martinus. In EP261820, it is 
apparent that the filler described by Martinus involves fillers (e.g., zinc oxide) having 
very small particle size (0. 1 to 20 micrometers) to make paper products of some sort, 
(page 3, line 49). 

In contrast, the present invention of Claim 19 requires the mixing of 
concrete, water and fiber, the fiber being substantially only fibrillated at the ends by 
the mixing. Consequently, it would make no sense to one of ordinary skill in the art 
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to use the higher shearing method of Martinus to mix concrete having large 
aggregates (e.g., rocks and sand) to make fibers only frayed at the ends considering 
Restrepo clearly describes that simple mixing in a conical mixer completely fibrillates 
and starts to micro-fibrillate the fiber. That is, a method imparting higher shear 
energy to a concrete mixture (Martinus) compared to Restrepo, if anything, will be 
expected to not only completely fibrillate the fiber, but even further micro-fibrillate 
the filaments that are produced using the concrete mixing method of Restrepo. 

From this, regardless of what Fish describes for fibrillating fibers and 
using such fibrillated fibers for use in thermoplastic composites, the combined 
method of Restrepo using the mixing method of Martinus would clearly fail to make 
the invention as required by Claim 19. That is, the method proposed would 
completely fibrillate fibers in a concrete mixture. Consequently, Claim 19 and Claims 
dependent therefrom are non-obvious and as such are patentable. 

Considering the foregoing amendments and reasons, Claims 19-32 are 
definitive, non-obvious and patentable. Applicants, therefore, respectfully request 
withdrawal of all rejections and allowance of Claims 19-32. 
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Description 

5 The present invention relates, in general, to the manufacture of filled fibrous sheet materials and, in 
particular, to compositions containing a filler, to methods of manufacturing fibrous sheet materials, espe- 
cially paper, board, and nonwovens, using such filler compositions, and to fibrous sheet materials manu- 
factured by such methods. 

10 Background to the invention 

It is common practice in making paper and board to add particulate materials, for example mineral pig- 
ments, for filling and loading purposes to the pulp slurry from which the paper or board is made. The com- 
mon mineral fillers are considerably cheaper than pulp and therefore reduce the cost of the paper or 
15 board product; moreover, fillers may be used to improve such properties as the brightness, opacity, 
handle, ink receptivity and print clarity of the product However, fillers almost invariably reduce the 
strength of the product 

Furthermore, there is a tendency for filler particles to be lost into the water which drains from the fi- 
brous web formed from the pulp slurry, although the amount of filler that is lost will depend upon many 

20 factors such as the particle size and the specific gravity of the filler. 

The loss of filler can be reduced by the addition of a retention aid. Certain retention aids act to neu- 
tralise the negative charges that develop on the surfaces of the filler particles and fibres and thereby 
to encourage cofiocculation of the filler and fibres, such charge-biasing retention aids including poly- 
meric flocculating agents having a molecular weight of the order of 103 to 10* and which contain amine or 

25 quaternary ammonium groups, for example polyamide-epichlorohydrin condensates or poly(dimethy1- 
diallylammonium chloride). More effective as retention aids, however, are polymeric flocculating agents 
having higher molecular weights, usually of the order of 10 s to 10 7 , amongst which the ionic polymers, es- 
pecially ionic copolymers, of acrylamide are commonly used, although polyethylene-imines and vinylpyri- 
dine polymers are also effective. The high molecular weight polymers may be referred to as "bridging" 

30 polymers, since they encourage fiocculation by forming molecular bridges between particles to which 
they are adsorbed. The use of fillers and retention aids in papermaking is described, for example, in the 
articles entitled "Paper and "Papermaking Additives" in the Kirk-Othmer Encyclopedia of Chemical 
Technology, third edition, volume 16, pages 768 to 825. Interesting flocculants, which may be used in pa- 
permaking, e.g. in the presence of cationic starch, were recently disclosed in EP-A-0, 172,723. The 

35 teaching of these documents is incorporated herein by reference. 

U.S. Patent 2,027,090 (Carter) discloses a method of incorporating a substance into paper or the like 
by dispersing the substance in a continuous phase capable of coagulating to a firm gel, an aqueous solu- 
tion of viscose cellulose being a particular example of such a phase. The gel is subdivided into particles 
(as in the papermaking beater). Furthermore, fibres are bound into the gel in such a manner as to pro- 

40 trude from the said gel particles; preferably such fibres are initially introduced into and dispersed 
throughout the liquid used to make the colloid dispersion which constitutes the said continuous phase. 
The gel particles are described and illustrated as enveloping, encysting or enclosing the particles of dis- 
persed substance. 

Carter's method is suitable for incorporating into paper sticky or gummy substances such as a phenol- 
45 formaldehyde condensation product, although mineral fillers are mentioned in passing. The said fibres 
(which serve as "anchors" for the gel particles) are preferably the same as those of papermaking pulp 
stock, although rayon and asbestos fibres are also specifically mentioned. 

in order to achieve a high filler content whilst maintaining satisfactory strength properties, in particu- 
lar tensile strength and burst strength, it has been proposed to employ a preflocculated filler composi- 
50 tion, that is to say a suspension of filler to which a flocculating agent in particular a highmoiecular- 
weight synthetic polymer, is added before the filler is incorporated into the papermaking stock (see 
M.C.Riddeli et at, Paper Technology. 1 7 (2), 76 (1 976) and GB-A 1 552 243 the teaching in which is incor- 
porated herein by reference). 
It has been found that the incorporation of filler into paper and other fibrous sheet products by con- 
55 ventional procedures gives rise to products having a poor tear strength, with difficulty in maintaining 
good formation and adequate tensile properties. 

Summary of the invention 

60 The present invention now provides a filler containing composition suitable for use in the manufacture 
of fibrous sheet materials, which composition comprises (a) filler particles, (b) synthetic organic fibres, 
and (c) a polymeric material that functions as a coupling agent between the filler particles and the said 
fibres (b). 

It is usually advantageous to employ preflocculated fillers in papermaking and the like systems. Ac- 
65 cordingly, it is preferred that the present compositions contain (d) a flocculating agent for the filler parti- 
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cles and/or that they contain, as component (c), a polymer or combination of polymers that aiso functions 
as a flocculating agent for the filler particles. An adjuvant that enhances the efficacy of the flocculating 
agent and/or the coupling agent may also be included. m 
It has been found that the inclusion of the fibres (b) in a filler composition according to this invention 

5 can provide an improvement in the tear strength of fibrous sheet materials into which the filler is incorpo- 
rated, even at high filler levels, whilst maintaining a satisfactory tensile strength. The fibres (b) have al- 
so been found, even at high filler contents, to maintain a surprisingly high bulk and porosity -in the fi- 
brous sheet material. It is envisaged that the invention will offer significant benefits in prooesses for 
the manufacture of wet-laid fibrous sheet products, especially by improving the drainage of water from 

10 the web during formation, thereby reducing the drying load, and by permitting increased refining, an in- 
crease in filler content or a decrease In grammage (basis weight or weight per unit area) whilst maintain- 
ing satisfactory strength properties, notably tear strength, in the finished sheet 

Thus, the present invention also provides a process for the manufacture of a fibrous sheet material, 
e.g. paper, by dewatering an aqueous slurry of fibres Commonly by the draining of water therefrom), 

15 wherein a filler composition according to this invention is added to the slurry of fibres before the 
dewatering commences. In a continous process, this means that the filler composition is added to the said 
slurry of fibres at a point upstream of the zone in which water is drained from the slurry to form the 
sheet (e.g. the zone defined by the forming section of a conventional machine for the production of 
paper, board or wet-laid non-wovens). 

20 The filler composition will usually be added in the form of an aqueous composition, especially one con- 
taining preflocculated filler. Such an aqueous composition may be prepared from a dry or concentrated- 
liquid formulation containing two or more of the components (a) to (d) by mixing it with water and with the 
remainder, if any, of the said components. 
The present invention also provides a fibrous sheet material that comprises a matrix of first fibres 

25 having distributed therein filler particles (preferably flocculated), second fibres that are fibres (b) as 
defined above and a polymeric material that functions as a coupling agent between the said filler parti- 
cles and the fibres (b). 

Brief Description of the figures 

Rgure 1 is a photomicrograph of polyester fibres for use as component (b) before the addition of filler 
and coupling agent. v 
Figure 2 is a photomicrograph of polyester fibres of the type shown in Figure 1 to which calcium carbon- 
ate filler particles (flocculated with a polyacrylamide) have been coupled with a cationic starch. 
Rgure 3 is a photomicrograph of a fibre from a system similar to that of Figure 2. 
Figure 4 is a photomicrograph of fibres from a system similar to that of Rgure 2. 
Figure 5 is a photomicrograph of a polyester fibre to which calcium carbonate filler particles are cou- 
pled with a modified guar gum, the latter also acting as a flocculant for the filler particles. 
The magnification of Figures 3-5 is approx. 8.33 times that of Figures 1 and 2. 

Description of preferre d embodiments 

In most cases, a mineral filler will be employed. Any of the conventional mineral fillers may be used, in- 
45 eluding clay (e.g. kaolin or china clay), titanium dioxide, barium sulfate, zinc sulfide, lithopone, satin 
white, talc, synthetic silicates (e.g. aluminium silicate), alumina, silica and calcium carbonate (e.g. precipi- 
tated calcium carbonate or ground calcium carbonate, such as chalk whiting). However, the synthetic 
polymeric fillers also come into consideration. 
The filler particle size will usually be in the range from 0.1 to 20 urn. 
50 Non-fibrous fillers are, in general, preferred: upon flocculation, a fibrous filler couid form knots, 
clumps or like blemishes that would spoil the formation of the sheet product 

The flocculation of the filler particles may, for example, be effected by using as component (d) any of 
the flocculating agents, especially the water-soluble synthetic polymers, that could be used convention- 
ally as retention aids in papermaking. It is preferred to use as component (d) a flocculating agent such as 
55 an acrylamide polymer (which term includes a copolymer). Suitable polyacrylamides are available under 
the trade mark "Percol" (Allied Colloids). Good results have been obtained both with anionic flocculating 
agents and with cationic flocculating agents. In other preferred embodiments, and as described in great- 
er detail hereinafter, the flocculating agent is constituted, wholly or in part, by the same agent or combi- 
nation of agents that constitutes the component (c). 
60 The filler floes should not be so large that they become visible to the naked eye in the final product or 
that they interfere with fibre-fibre bonding and thus adversely affect product performance. Roc size is 
influenced by various factors, including the amount of flocculating agent and the shear forces to which 
the filler composition is subjected. Control of such factors is entirely conventional, although, as a guide, 
the amount of flocculating agent will be usually in the range from 0.01 to 3.0% active substance, prefera- 
65 bly from 0.01 to 0.1%, by weight of the filler. 
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It seems preferable to use, as component (b), fibres that have an average length greater than that of 
the fibres that constitute the matrix of the fibrous sheet material (i.e. the fibres in the stock to which the 
filler composition is to be added). 

It is preferred that the synthetic organic fibres used as component (b) should have an average length 
5 of at least 4 mm. (In contrast, cellulosic papermaking fibres commonly have an average fibre length of 
0,5 to 3.5 mm.) Commonly, the fibres in component (b) will have an average iength of at least 5 or 6 mm 
and typically up to 26 mm, although fibres having an average length exceeding 26 mm could be used, nota- 
bly in wet-laid nonwovens. 

Particularly preferred average fibre lengths are in the range from 4 to 12 mm for paper and board us- 
10 es. 

Fibre thickness (i.e. fibre diameter in the case of fibres having a circular cross-section) is preferably 
from 1 to 50 jim, especially from 5 to 40 urn. Fibres having a non-circular cross-section and/or having an 
uneven (e.g. rough or crinkled) surface can also be used as component (b). For example, water-dispersi- 
ble synthetic polymer fibre of cruciform cross-section is disclosed in US-A 4 713 289 filed in 27 March 

15 1986 and the corresponding EP-A 0 198 401, whereas water dispersible synthetic polymer fibre of scal- 
loped-oval cross-section is disclosed in US-A 4 707 407 filed 27 March 1986 and the corresponding EP- 
A 0 998 400. The teaching of the aforesaid applications is incorporated herein by reference. 

It is believed that the fibres of non-circular cross-section may offer additional resistance against de- 
flocculation, since the projections (e.g. crests, ridges or lobes) in the fibres may protect the recesses 

20 (e.g. valleys, indentations or "saddles ") in the fibres from the high shear forces that may be expe- 
rienced in various zones of the sheet-making system. An uneven fibre surface may also offer protec- 
tion against the possible stripping of the coupling agent (c) from the fibres by such shear forces. 

Component (b) is not limited to true cut fibres but may include or consist of flbrids or other branched 
or fibriliated species, and the term "fibre" in the context of component (b) is to be construed accordingly. 

25 The fibrids or the fibrils (which could be shorter than 4 mm) may have a high surface area and may be ca- 
pable of self-cohesion and of entrapping filler particles or floes, thereby enhancing the coupling action 
and tending to inhibit later deflocculation or decoupling. 

The fibres to be included in the filler composition as component (b) are synthetic organic fibres (which 
expression herein includes any suitable man-made fibre or regenerated fibre), amongst which polyester 

30 fibres (e.g. polyethylene terephthalate)), for example those marketed under Du Pont's registered trade 
mark "Dacron and aramid (aromatic polyamide) fibres or fibrids, for example those marketed under Du 
Ponfs registered trade mark "Kevlar have been found to be particularly good. However, other fibres, 
such as polyamides (e.g. nylon), polyolefins (e.g. polyethylene or polyropylene), acrylics, cellulose ace- 
tates, viscose rayon, polyimides and copolymers, can be used. 

35 The synthetic organic fibres (b) may have a surface pretreatment before they are incorporated into 
the filler composition. Synthetic fibres tend to be hydrophobic but can be rendered hydrophtltc by appro- 
priate treatment. Thus, the pretreatment is preferably such that the dispersibility of the fibres in water is 
improved and the application of a surface coating containing polyoxyalkylene groups, notably poly- 
oxyethylene groups, has been found to be suitable. Man-made organic fibres, in particular polyester 

40 fibres, with a coating comprising segmented polyethylene terephthalate/polyethylene oxide block copoly- 
mer, are especially preferred. 

Suitable surface-pretreatments have been disclosed by Ring et al in US-A 4 007 083, by Hawkins in 
US-A 4 137 181, US-A 4 179 543 and US-A 4 294 883, and in GB-A 958 350 (Viscose Suisse) and JP-A 
58 208 499 (Teijin), the teaching of which patent documents is incorporated herein by reference. 

45 The present Applicants consider that the presence of gel particles in any significant quantity could be 
detrimental in the present compositions since they would spoil the appearance and performance of the 
paper or other sheet product Accordingly, the binding of fibres to filler particles by means of gel parti- 
cles that enclose the filler particles and that are formed by coagulation and subsequent sub-division of a 
continous phase in which the filler particles are dispersed, in the in the manner disclosed in US-A 2 027 

50 090 is not contemplated as "coupling" in the context of this invention. 

The coupling agent (c), which (subject to the preceding disclaimer) bonds, bridges, links, or otherwise 
attaches the filler particles and/or floes to the fibres (b) (the term "coupling agent" not of itself implying 
herein any particular mechanism for the fibre-filler attachment), will usually be selected from polymers 
(which term in this context includes oligomers, such as dimers, trimers and tetramers, as well as species 

55 with higher degrees of polymerisation) containing functional groups that are substantive to the filler and 
functional groups substantive to the fibre (b). Such functional groups include hydroxy!, carboxyl, car- 
boxylic anhydride and ketene groups. The polyhydroxy substances have proved particularly suitable, 
e.g. polysaccharide-based substances such as starch, mannogalactans and the like, and their deriva- 
tives. Usually agents that are hydrophilic, especially those that are soluble or colloidally dispersible in 

60 water, are used. 

Preferred coupling agents may be selected from starches and modified starches (e.g. cationic or am- 
photeric starch), cellulose ethers (e.g. carboxymethyl cellulose (CMC)) and derivatives thereof; algi- 
nates; cellulose esters; ketene dimers; succinic acid or anhydride polymers; natural gums and resins 
(especially mannogalactans, e.g. guar gum or locust bean gum) and the corresponding modified (e.g. cati- 
65 onic or amphoteric) natural gums and resins (e.g. modified guar gum); proteins (e.g. cationic proteins), 
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for example soybean protein; polyvinyl alcohol); and poly(vinyl acetate), especially partially hydrolysed 
polyvinyl acetate). The coupling agents will, for the most part, also act as viscosity boosters and stabi- 
lisers, and they may act to improve the hydrophiiicity of the fibres. 
Cationic starch has been found to be particularly effective as a coupling agent. Cold-water-soluble 
5 cationic starch is available under the trade marks "Perfectamyl PLV (Tunnel Avebe Starches Ltd) and 
"Sotv'rtose D9 n (AB Stadex). Cationic starches that require cooking in order to form an aqueous solution 
(referred to as "cooked starches" hereinafter) are available under the trade marks "Raisio -RS 180", 
"Raisio RS 190" (Raisio AB) and "Posamyl L7". An amphoteric starch is available under the designation 
SP-190 (Raisio AB). 

10 Preferably, the cationic starches will have a degree of substitution of at least 0.02, typically from 
0.02 to 0.1. 

Modified guar gum, for example the amphoteric guar gum that which is available from Meyhall Chemi- 
cals under the trade mark "Meyprobond 120", is effective too and has the advantage that it also acts as 
a flocculating agent for the filler particles. (Cationic starch at a level of 0.5-3% also flocculates filler 

15 particles, but the resultant fiocs tend to be weak unless a stronger fiocculant, such as a polyacrylamide, 
is also used.) Cationic guar gums are available under the trade marks "Meyproid 9801" (Meyhall AG), 
"Gendriv 158" and "Gendriv 162" (Henkel Corporation). 

Sodium carboxymethylcellulose also works well as a coupling agent, but is sensitive to the papermak- 
ers' alum (aluminium sulfate) used in conventional alum/rosin sizing agents. (CMC is a carbohydrate- 

20 based substance, as are cationic starch, modified guar gum and alginates; however, as indicated above, 
substances that are not based on carbohydrates are also useful herein.) It may be advantageous to cati- 
onize the coupling agent, notably CMC or an alginate - e.g. by means of dimethyl diaiiyl ammonium chlo- 
ride, polyamine-epichlorohydrin and like agents - since cationic polymers are expected to couple more ef- 
fectively the fibres (b) to the filler particles, which fibres and particles will generally acquire an anionic 

25 character in aqueous dispersion. 

The coupling agents (c) are not restricted to organic polymers alone. Colloidal silicic acid and ben- 
tonite (both of which may be regarded as polyhydroxy compounds when in an aqueous medium) have been 
described as "anionic polymers" in the literature (see International Patent Specification No. WO 
86/05826, page 3, lines 31-32, the teaching of which specification is incorporated herein by reference) 

30 and, indeed, these and other colloidal, hydrophilic, inorganic materials, especially polyhydroxy or polyhy- 
drate materials, may be used to increase the efficacy of the coupling agent (c). 

A preferred class of such inorganic materials comprises the colloidal silicas, which term herein in- 
cludes colloidal silicic acid, polystlictc acid and colloidal silica sols. These will generally have a particle 
size of less than 100 nm, usually from 1 to 50 nm. Suitable silicas are available commercially, e.g. from 

35 Eka AB or under the trade mark "Ludox" (Du Pont). The aluminium-modified silicic acid sols (see Ralph K. 
Her, "The Chemistry of Silica", John Wiley & Sons, New York, 1979, pages 407-410) also come into con- 
sideration. 

The colloidal silicas may be used, for instance, in conjunction with such organic substances as carbo- 
hydrates (e.g. cationic starch, amphoteric or cationic guar gum or cationic amylopectin) and/or poiyacryl- 

40 amides. Certain combinations of colloidal silicas or Ai-modified silicic acid sols with the aforesaid organ- 
ics have been proposed as binders in papermaking; see US-A 4 385 961, LfS-A 4 388 150 and US-A 
4 643 801, EP-A 0 080 986 and published International Patent Applications No. WO 86/00100 and No. 
WO 86/05826 (the teaching of which documents is incorporated herein by reference). However, these 
documents do not appear to disclose or suggest the use of such silicas in systems wherein preferably 

45 flocculated filler particles are coupled to synthetic fibres prior to addition of the filler to the papermaking 
stock with a view to improving tear strength. 

The colloidal silica or the combination thereof with an organic substance may also function as a floccu- 
lating agent for the filler particles. 
Bentonite and similar colloidal clays may also be used in the present invention, preferably in the com- 

50 positions containing cationic starch or modified guar gum. The bentonite, for example in conjunction with 
an anionic polyacrylamide, may act as a coagulant or structure improving aid (see J.G. Langley and E. Li- 
tchfield, "Dewatering Aids for Paper Application", TAPPI Papermakers Conference, April 1986). Suita- 
ble bentonite clays are available under the trade marks "Organosorb" and "HydrocoP (Allied Colloids) 
and a suitable anionic polyacrylamide is available under the trade mark "Organopol" (Allied Colloids). 

55 Bentonite may also be used in conjunction with substantially non-ionic polymers (such as those described 
in EP-A-0,01 7,353 (the teaching of which is incorporated herein by reference). 

A study of the photomicrographs of Figures 2 to 5 and photomicrographs of other fibre/flocculated 
filler systems according to this invention has revealed that such coupling agents (c) as cationic starch 
and amphoteric guar gum attach to the surface of polyester fibres (b) and that the (flocculated) filler par- 

60 tides adhere to the coupling agent The coupling agent has been observed to form a layer, film or coating 
on the fibre and/or a network or lattice structure attached to the fibre surface (such layers, films, coat- 
ings or structures being in some cases discontinuous, patchy or irregular). The attachment of the cou- 
pling agent to the fibres has also been shown to occur in the absence of the filler particles (eg. before 
addition of the latter). Although it is believed that a similar mechanism for the coupling operates for the 

65 other coupling agents (c), and with other fibres (b), this has not yet been verified. It is considered sur- 



5 



EP 0 261 820 B1 



prising that useful coupling of the filter particles to the fibres (b) may be achieved merely by mixing the fi- 
bres and the filler particles in an aqueous system containing the coupling agent in solution or colloidal dis- 
persion. Thus the invention avoids the need for such measures as coagulating an entire dispersion and 
subdividing the resultant gel. 

5 In addition to attaching the filler particles or floes to the fibres (b); the coupling agent (owing, for exam- 
ple, to residual cationicity) may, possibly, form bonds between the resultant filler/fibre aggregates and 
the fibres (e.g. cellulose fibres) that form the matrix of the fibrous sheet material. 

Of course, any of the above-discussed components - the filler (a), the fibre (b) ( the coupling agent (c) 
and the flocculating agent (d) - may be composed of a mixture of suitable substances. 

10 The filler composition, as added to the fibre slurry from which the fibrous sheet is formed (which 
slurry is also referred to herein as the stock), will, in general, be in the form of an aqueous dispersion. 
When preparing the aqueous filler composition, it is desirable to avoid flocculation of the fibres (b), 
since that could give rise to an unsatisfactory "formation" in the finished sheet Many of the coupling 
agents mentioned above do not cause significant flocculation of the fibres (b). Surprisingly, the floccu- 

15 lating agents (d) also appear not to cause significant flocculation of the fibres (b), in particular polyes- 
ter, aramid and other synthetic fibres; it is thus possible to pre-flocculate the filler in the presence of 
the fibres (b) and to add the coupling agent subsequently. However, other orders of addition are possi- 
ble: for example, the fibres (b) can be added to the filler composition after the filler particles have been 
flocculated; or, as another example, the fibre (b) is added to water, the coupling agent is added next and 

20 thereafter the preflocculated filler is admixed. A suitable order of addition for any given set of compo- 
nents can be readily ascertained by simple trials. Of course, the degree of flocculation is affected by 
other factors, e.g. the time for which, and the energy with which, the system is agitated and the presence 
of surfactants. 

The concentration of filler and of fibre (b) in the aqueous filler composition and the rate at which the 

25 latter is added to the stock will depend upon the desired levels of filler and fibre (b) in the finished sheet 
product. The level of filler is usually from 3 to 80%, preferably from 5 to 50%; the level of fibre (b) is 
usually from 0.5 to 60%, preferably from 20 to 60% in the case of wet-laid nonwovens or preferably 
from 1 to 25% and typically from 1 to 5%, in the case of other products, such as paper or board; and the 
level of coupling agent is usually from 0.01 to 5%, preferably from 0.1 to 5%, the aforesaid percentages 

30 being by weight of the finished, dry sheet product. 

Although the present invention may be utilised in the manufacture of such fibrous sheet materials as 
nonwovens, paperboards and composites, it is of particular benefit in the manufacture of paper, espe- 
cially the commodity papers such as supercaiendered paper, magazine paper, newsprint, packaging pa- 
per and coated papers, as well as speciality papers. The grammage of the sheet material may vary, de- 

35 pending upon its intended use, but these days will typically be from 45 to 400 g/mz. 

Depending, of course, on the intended application and on economic considerations, the fibrous sheet 
materials will usually be composed primarily of cellulosic fibres, in particular the fibres obtained from 
vegetable sources, especially wood. Thus, the furnishes used in the production of the fibrous sheet ma- 
terials may comprise a pulp containing hardwood fibres, softwood fibres or a mixture thereof, and which 

40 may be a mechanical, chemimechanical, semichemical or chemical puip, or may comprise recycled or sec- 
ondary fibres with or without organic fillers. It is also possible to employ cellulose fibres from nonwood 
vegetable sources, such as cotton, bagasse, esparto, straw, reed or Manila hemp, either alone or as a 
blend with wood pulp. The so-called synthetic pulps, for example the fibrillated polyolefin materials, also 
come into consideration; however, for reasons of cost, these will usually be used with a pulp of vegeta- 

45 ble origin. Other fibrous materials may be included in the furnish, e.g. rayon, nylon, aramid, alginate, po- 
lyvinyl alcohol), polyacrylic, polyolefin or copolymer fibres. 

The furnish may include any of the conventional papermaking additives, for example drainage aids, de- 
foaming agents, wet-strength additives, dry-strength additives, pitch control agents, slimicides, stabilis- 
ing agents such as sodium silicate and sizing agents. 

50 The addition to the stock of acrylic polymer latex binders, which are hydrophobic and generally require 
the use of a special dispersant or emulsifier, is not favoured in this invention, since such binders pre- 
vent useful recycling in the sheet-making system. The use of such latexes is not however precluded in a 
coating mix applied after the web has been formed and dried. 
Sizing treatment may be effected either by "internal" sizing or by "surface" sizing to render the paper 

55 or other sheet material partially hydrophobic. Suitable sizing agents include the conventional rosin/alum 
systems (although these may preclude the use of acid-reactive fillers such as untreated calcium carbon- 
ate), the cellulose-reactive sizing agents such as those based on the long-chain alkylketene dimers 
(which permit sizing in neutral or alkaline conditions), wax emulsions, succinic acid derivatives, poly- 
alkylene imines and various fluorochemicals. 

60 The inclusion of a ketene dimer in the furnish may be particularly advantageous, in that it can Improve 
the folding endurance of paper and board manufactured in accordance with this invention; this could 
find use, for example, in a multiply board, where it may be possible to include the filler composition of this 
invention in only one of the layers. It has also been found that a ketene dimer,especially when used in 
conjunction with a cellulose ether (preferably carboxymethyl cellulose), starch or a starch derivative, 

65 can significantly improve the wet strength of the fibrous sheet product. Thus, it may be possible to pro- 
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duce a coated label paper with enough wet strength for it to pass through a bottle-washing plant (e.g. in a 
brewery) while still allowing the mill to recycle its dry broke without chemical treatment or an excessive 
consumption of energy. 

The procedures and apparatus for preparing, conveying and diluting the stock and for preparing the 

5 fibrous sheet material from the stock may be entirely conventional. Such procedures and apparatus are 
well documented (see, for example, the article entitled "Paper" in the Klrk-Othmer Encyclopedia referred 
to above) and a detailed discussion herein is considered to be superfluous. It is preferred, -however, 
that the sheet be formed on a continuous or intermittent machine, for example a cylinder machine (VAT), 
a Fourdrtnier machine, a machine having multi-wire formers or an inclined wire machine (as commonly 

1 o used to produce wet-laid non-wovens). - 

The (preferably preflocculated) filler composition should be added to the stock at a point in the system 
which permits the filler particles (or fiocs) and the associated fibres (b) to be uniformly distributed in the 
stock by the time it reaches the web-forming zone; accordingly, the filler composition will normally be add- 
ed to the furnish before it reaches the flowbox (or headbox) of the papermaking machine. It is also pre- 

15 ferred to add the filler composition to the pulp after it has left the beater, since the high-shear conditions 
that obtain in the beater could break or deform the synthetic organic fibres and/or other fibres used as 
component (b) and could also cause deflocculation of the filler floes (agglomerates). It is particularly pre- 
ferred to add the filler composition to the stock just before the main fan pump, especially at the stock in- 
let of the main fan pump (being the pump that propels the stock to the flowbox of the machine). 

20 The subsequent addition (e.g. prior to the flowbox) of a further amount of any of the components of 
the present compositions, especially the flocculating agent and/or the coupling component, is not pre- 
cluded. Indeed, such additions may be beneficial in repairing any deterioration in properties due, for ex- 
ample, to exposure of the coupled fibre/filler complex to excessive shear forces. Microscopic analysis 
of samples has suggested that the coupling agent and filler particles or floes can be disturbed, and even 

25 peeled away from the fibres, by excessive shear forces, e.g. in the cleaners. Addition of the flocculant 
and/or of the colloidal inorganic material separately from the filler composition could also be tried. 

As mentioned above, dry or concentrated-liquid formulations may be provided from which aqueous 
compositions containing the, preferably preflocculated, filler can be prepared. For example, a single for- 
mulation, or "pack", may contain filler particles, a flocculating agent for the particles, fibres (b), and a 

30 coupling agent in appropriate proportions; it is here possible to employ a polymeric material, e.g. modified 
guar gum, that will function both as the flocculant and as the coupling agent. Alternatively, since fibres 
suitable for component (b) are readily available, the pack could contain just the filler, flocculating agent 
and coupling agent Although the simultaneous dispersion in water of the components when using such a 
pack may not give optimum results, this may be compensated for by the increased convenience to the 

35 manufacturer of the fibrous sheet material. It is, of course, also possible to use multi-part packs, e.g. a 
two-part pack containing the filler and flocculating agent in one part and the fibre (b) and coupling agent 
in the other. 

The present invention is illustrated in and by the following specific examples. 
40 Example 1 

Several series of tests were carried out using the following experimental procedure. 
Preparation of Stock 

45 

A mixture of 70% bleached eucalyptus Kraft and 30% bleached softwood Kraft was treated in a Valley 
beater at 1 .57% consistency to give a stock with a Canadian Standard Freeness in the range 350 to 
450°. Portions of stock containing 24g (oven-dry basis) of cellulose fibre were withdrawn and disinte- 
grated in a British Standard disintegrator for 15,000 revolutions. 

50 

Preparation of filler composition 

Each preflocculated filler composition was prepared as an aqueous suspension, using a small stirrer 
to agitate the suspension continuously. Various orders of addition of the components were tried, a typi- 
55 cal procedure being as follows: 

The fibre (b) was dispersed in approximately 500 ml water in a preparation vessel. The appropriate vol- 
ume of a 1% solution of coupling agent (e.g. cationic starch) was added. An aqueous slurry of filler was 
made and added to the preparation vessel after the coupling agent A dilute solution of flocculating 
agent (e.g. Percol 292) was thereafter added slowly. 
60 The other orders of addition, which are shown in the Tables of results hereinafter, were effected by 
procedures analogous to that described above. (This should not, of course, be taken as precluding oth- 
er orders of addition, e.g. addition of the dry compositions to the stock.) 
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Production of handsheets 

The filler composition was added to the stock and mixed therewith by hand. The resultant suspension 
was diluted to approximately 0*3% consistency. A total volume of 3 litres of stock was employed in a Brit- 

5 ish Standard sheet-making machine to form handsheets having a grammage of about 70g/m 2 (oven-dry 
basis). The stirrer was placed in the machine to act as a baffle before the addition of the stock. In the 
tests in Series 09 and subsequent series the sheet machine was modified, with the intention of increasing 
the filler retention, by using a restricted throat in order to retard the rate of drainage during formation of 
the sheet and by replacing the needle valve by an open hose, thereby reducing the vacuum applied to 

10 the sheet. 

Components 

A polyester fibre that is commercially available under Du Ponfs registered trade mark "Dacron" was 
15 employed as the fibre (b) in all but one of the tests in this Example, this polyester fibre having an average 
fibre length (cut length) of 6 mm and an average fibre diameter of 1 3 jim. 

In Test 05/E3, however, the fibre (b) was a polyester fibre of scalloped-oval cross-section as de- 
scribed in U.S. Patent Application 842,790, the fibre having a cut length of 6 mm. 
The fillers were whiting (specifically a ground calcium carbonate supplied under the trade name 
20 "Britomya V" or "Britomya S") and kaolin (grade C, from English China Clays). 

The flocculating agents were a cationic high-molecular-weight polyacrylamide (supplied by Allied Col- 
loids under the trade mark Percol 292), an anionic high-molecular-weight polyacrylamide (supplied by Al- 
lied Colloids under the trade mark Percol 155) and an amphoteric mannogalactan (supplied by Meyhall 
Chemicals under the trade mark Meyprobond 120 EV, which material also functioned as a coupling 
25 agent). 

The coupling agents, in addition to the amphoteric mannogalactan, were CMC, a ketene dimer 
(supplied by Tenneco Malros under the trade mark Keydime DX4), cationic starch (supplied by Tunnel 
Avebe Starches Ltd. under the trade mark Perfectamyl PLV), calcium alginate and ammonium alginate. 
The cationising agent, when used, was a polyamine-epichtorohydrin supplied by Allied Colloids under 
30 the trade mark Percol 1597. In certain tests, papermakers' alum was used to buffer the stock. 

Testing of the sheets 

The handsheets were air-dried and conditioned at 20°C and 65% relative humidity before being tested. 
35 The grammage was determined in g/m2 on an oven-dry basis. 

The level of retained filler was measured by ashing the sheets at 925°C for one hour and is expressed 
as a percentage by weight Where whiting was employed as the filler, the ash (calcium oxide) was calcu- 
lated to percent calcium carbonate. 

The breaking length (expressed in km), the burst factor, the tear factor and the apparent density 
40 (expressed in kg/m 3 ) were determined by standard procedures. 

The opacity of the sheets was determined by the International Standards Organization (ISO) method, 
the results in all cases being corrected to a basis weight of 70 g/m2. 

The air porosity was measured by the Gurley 20 ounce densometer method and is expressed in 
s/1 00cm 3 air. 

45 The tests, as mentioned above, were carried out in series. The sheets prepared in the tests with in 
each series were prepared from a single beating of cellulose pulp; direct comparisons could therefore 
be made within each series. However, in'order to compare results from different series, a parameter is 
required that is independent of the freeness of the stock. Such a parameter is the residual strength fac- 
tor or RSF, which is defined as follows: 

50 



RSF - S(l) x 100 



where S(0) - Tear x Tensile 

60 " " ~ 

Grammage 

65 for a virgin fibre control furnish, and 
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S(l) » Tear x Tensile 



15 



30 



Grammage 



for a test furnish. 



10 Tear : Marx-Elmendorf tear reading in gf. 
Tensile : Schopper tensile reading in kgf. 
Grammage : Oven-dry in g/m*. 

In some experiments, just the parameter S(1) was determined (this being termed the strength factor) 
In the absence of a virgin fibre control furnish. 



Control Tests 



In order to ascertain dearly the effect of adding the polyester fibre, control tests were carried out 
using filler compositions from which the polyester fibre was omitted. For a proper comparison, it was nec- 

20 essary to ensure that the grammage and the filler content of the sheet produced in a control test were 
substantially the same as those of the sheet produced in the corresponding test according to the 
present invention. Rather than adjust the composition of the fibre furnish, it was found that the gram- 
mage and filler content could be regulated more accurately in the control tests by substituting for the pol- 
yester a volume of pulp stock containing the same weight of cellulose fibre and diluting that volume to 

25 500 ml. Thus, the design of the control tests was a consequence of the laboratory-scale procedures 
used in this example and, accordingly, these control tests are not intended to represent a technique 
known in the prior art 



Test results 



For brevity, only a selection of the results are shown in the following Tables, which results have been 
selected primarily to illustrate the various combinations of components that were investigated. 

Each test is identified by a number, the first two digits of which refer to the series. The letter C de- 
notes a control test and is followed by the identification number within the particular series, whereas the 
35 letter E denotes a test according to the present invention and is also followed by an identification number 
within the appropriate series. The amount of polyester is expressed as a percentage by weight on the cel- 
lulose fibre; the amount of filler (whiting or kaolin) is expressed as a percentage by weight on total fibre; 
the amount of Percol 292 is expressed as a percentage by weight on the total of fibre and filler; the 
amount of each remaining additive is expressed as a percentage by weight on the total furnish; and the 
40 test results are expressed, where appropriate, in the units mentioned above. 

The numbers in brackets refer to the order of addition in the preparation of the filler composition; in 
certain cases, some components were pre-mixed, giving identical numbers, whereas in certain other cas- 
es a component was added in two portions, giving two numbers for that component 

45 
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Discussion 

The experimental results show that the tearing resistance of the paper hand sheets was improved by 
the inclusion of the polyester fibre. Thus, taking two systems having similar retained-filler contents, the 
paper sheet of Test 04/E3 had a tear factor of 118, whereas that of Control test 04/C4 had a tear factor 
of only 91; similarly, the handsheet of Test 05/E1 showed a tear factor of 1 13, whereas that of Control 
Test 05/C2 had a tear factor of only 82. The results obtained from Tests 08/E1-08/E4 suggest that the 
tear factor increases in relation to the proportion of polyester fibre in the furnish. 

The experimental results also indicate that the presence of the polyester fibre reduces the apparent 
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density of the sheet (i.e. increases the bulk) while improving the air porosity. Thus, the apparent density 
in Test 04/E3 is 605 kg/m 3 , compared with 661 kg/m 3 in Control Test 04/C4, and the Gurley air porosity in 
Test 04/E3 is 6.9 s/100 cm 3 air, compared with 14 s/100 cm 3 air in Control Test 04/C4. Similarly, compared 
with Control Test 05/C2, Test 05/E1 shows a lower apparent density (596 kg/m 3 , as against 668 kg/m 3 ) 
5 and an improved Gurley air porosity (5.8 s/1 00 cm 3 air, as against 1 2 s/1 00 cm 3 air). These consequences 
of the inclusion of the fibre (b) in accordance with the present invention are expected to increase the 
runnability of the sheet-making machine and to decrease the load on the drying cylinders, thereby reduc- 
ing the process costs. 

Tests 07/E1-E4 demonstrated that, in the practice of this invention, the polyacrylamide used as the 
10 flocculating agent and retention aid could be reduced: although the filler content of the handsheets was 
decreased, the filler floes were less intrusive (due to smaller size) and the appearance of the hand- 
sheets was more acceptable. 

In these experiments, the anionic polyacrylamide (Percol 155) was found to be a more effective floccu- 
lating agent than the cationic polyacrylamide (Percol 292). Thus, large floes were present in the sheet 
1 5 prepared in Test 08/E8. 

Analysis of the results in Tests 11/E4 and the corresponding controls 11/C3-11/C6 shows that an in- 
crease in the quantity of cationic starch in the filler system increases the residual strength of the result- 
ant sheet up to an optimum starch addition of 1 .5%. However, this is due primarily to the effect of the 
starch on the burst and tensile strengths, whereas the handsheets prepared from a stock to which poly- 
20 ester fibre was added in accordance with the present invention showed a significant improvement in 
tearing resistance. 

In Tests 12/E1 and 12/E3, when the same quantity of clay was substituted for whiting, the retained filler 
content and strength of the sheets were similar. However, when the papermakers' alum (aluminium sul- 
fate) was added to reduce the pH (as could occur when using a rosin-based sizing agent), the sheet 
25 strength was reduced. This suggests that in practice, a neutral sizing system (e.g. ketene dimer) may 
prove preferable. 

Although all of the coupling agents tested could be utilised with the polyester fibre as an additive to 
the filler composition, the results suggest that CMC and cationic starch were the most effective for the 
purpose of maintaining the strength of the filled paper sheets. The results also indicate that the ampho- 

30 teric mannogalactan (Meyprobond 120EV) could function as both the flocculating agent and the coupling 
agent Thus, even at a level of 0.1%, the amphoteric mannogalactan enabled the retention of more than 
20% filler, but higher strengths were obtained at levels of 0.5 to 1% of that additive. 

Of course, as the filler becomes dominant in the sheet (about 40% filler) the improvement in the residu- 
al strength factor due to the inclusion of the fibre (b) in accordance with this invention becomes less 

35 marked. Nethertheless, even at the high filler levels shown in Test 13/E4 and Control Test 13/C4, the pol- 
yester-containing sheet in accordance with this invention still shows an 8.7% advantage (the difference 
between Tests 13/E4 and 13/C4 expressed as a percentage). Furthermore, even at such a high level of 
filler, the polyester-con taining sheet prepared in accordance with this invention maintains a surprisingly 
high bulk (low apparent density). 

40 

Example 2 

Handsheets were prepared using the general procedure described above for Example 1, except that 
the stock was an Irving bleached softwood Kraft beaten to 440° Canadian standard freeness mixed with 
45 recycled fibres (waste newsprint or a mixed white waste). The fibre (b) was the commercially available 
polyester fibre used in Example 1, 

Results are shown in Table 4 hereinafter. The amounts of the stock fibres are expressed as a per- 
centage by weight of the total cellulose fibre; the amounts of the other components and the test results 
are expressed as in Example 1 . 
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10 



Example 3 

Handsheets were prepared using the general procedure described above for Example 1, except that 
the order of addition of the components of the preftocculated filler composition was as follows: 

1 . 5% of fibre (b) by weight of the cellulose fibre. 

2. 1 .5% cationic starch by weight of total furnish. 

3. 38.1% filler by weight of total fibre. 

4. 0.014% cationic polyacrylamide by weight of total furnish. 



As in the preceding Examples, the additions are calculated on the basis of oven-dry fibre. 

Several series of experiments were carried out using various fibres (b), including not only polyester 
fibres but also other synthetic fibres and rayon fibres, each of average fibre length exceeding 4mm 
(except for the polyethylene fibrids of Test 8, which may have been shorter than 4 mm), and using, as the 
15 filler, either whiting or kaolin clay (the latter being used in systems containing papermakers* alum). The 
aramid fibres of Test 10 exhibited fibrillation. The residual strength factor (RSF) and the retained filler 
content of the handsheets were ascertained, and the results are summarised in the following Table 5. 
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Table 5 (Example 3) 



Fillers 



Whiting 



Clay 
(with Alum) 



10 



15 



20 



25 



30 



35 



40 



45 



Test Fibre 
(b) 



RSF Filler RSF Filler 
% Content % Content 



1 Dacron 84.6 
polyester 77 . 8 

71.2 

2 Copolyester 64.4 

3 Acrylic 63.1 

4 Poly amide, 64.4 
Nylon 66 

5 Rayon 66.2 

6 Rayon (Zellwolle) 77.3 

7 Polypropylene 64.9 

8 Polyethylene 67.6 
Fibrid 

9 Polyaxnide 84.2 
Nylon 6 

10 Araroid 91.9 



% 



18.1 69.0 18.3 

19.0 

21.5 

19.7 

21.7 

19.9 52.9 20.2 
19.0 

21.9 59.4 18.6 
19.9 

19.6 48.7 16.7 

21.5 64.3 18.7 

18.1 66.9 17.9 



so Example 4 

Several series of tests were carried out using an experimental procedure analogous to that of Exam- 
ple 1, except as stated below. 

55 Preparation of stock 

A mixture of 70% bleached eucalyptus Kraft and 30% bleached softwood Kraft was treated in a Valley 
beater to give a quantity of cellulose stock of Canadian Freeness 400-450°. Each load of pulp from the 
beater was used to prepare the sets of one series. 

60 

Preparation of filler composition 
Various filler compositions according to this invention were prepared. 

A number were prepared by first dispersing the fibre (b) in water, then adding an aqueous solution of 

65 
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cationic starch (as the coupling agent), an aqueous slurry of filler particles and a dilute solution of a 
polyacrylamide flocculating agent. In some cases, bentonite was added as the final component of the fill- 
er composition. 

Others of the compositions were prepared by a similar procedure, but omitting the bentonite and sub- 
5 stituting colloidal silica for the polyacrylamide. 

The components (and their order of addition) of the remaining compositions will be clear from Tables 6 
and 7 hereinafter. 

Production of handsheets 

10 

The filler composition was added to a portion of the cellulose stock and diluted to a total volume of 8 li- 
tres. The diluted stock was used to form handsheets in a British standard sheet-making machine. 

Components 

15 

The fibre (b) was a polyester fibre commercially available under the trade mark "Dacron" (Du Pont) 
and having an average cut length of 6 mm and an average fibre diameter of 1 3 urn. 

The filler was a ground calcium carbonate supplied under the trade name "Britomya M". 

The cationic starch was selected from the cold-water-soluble starches sold under the trade names 
20 "Perfectamyl PLV (degree of substitution, d.s. - 0.035) and "Solvitose D9 W (d.s. 0.100) and the cooked 
starches "Raislo RS 180" (d.s. 0.035), "Raisio RS 190" (d.s. 0.042) and "Posamyl LT (d.s. - 0.048). 

The flocculating agent was selected from the cationic high-molecular-weight polyacrylamides "Percol 
292" and "Percol 63" and the anionic high-molecular weight polyacrylamide "Percol 155" (all from AHied 
Colloids). 

25 The colloidal silica was selected from Ludox (trade mark) HS 40 (Na as counterion, negative particle 
charge, average particle diameter 12 nm) from Du Pont and "Silica BMA", being a silica of the type used 
in the Eka "Composi!" (trade mark) process. The bentonite was an amphoteric bentonite clay supplied un- 
der the trade name "Hydrocol O a by Allied Colloids. 

30 Testing of the sheets 

The testing was carried out using the procedures described In Example 1 . 

Test r^ufts 

35 

For brevity, only a selection of the results are shown in Tables 6 and 7 which follow, which results are 
intended primarily to illustrate the various combinations of components that were investigated. 

Each test is identified by a number, the first number indicating the series and the rest indicating the 
number of the test within that series. 
40 The amount of polyester fibre is expressed as a percentage by weight on the cellulose fibre; the 
amount of filler is expressed as a percentage by weight on the total fibre; and the amount of each remain- 
ing component is expressed as a percentage by weight on the total furnish. Numbers in brackets refer to 
the order of addition in the preparation of the filler composition. 
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Further Discussion 

In Example 4, as in the previous Examples, the filler compositions were prepared under normal ambient 
conditions! such as room temperature. In the Examples, the tests were on a laboratory scale. However, 

5 pilot runs on a continuous paper machine have indicated the feasibility of using the present invention on 
a commercial scale. The pilot runs employed a 70% bleached birch/30% bleached pine kraft as the cellu- 
lose stock and calcium carbonate as the filler; the flocculating agent (retention aid) was selected from 
Percol 292 and Percol 63; the coupling agent was selected from cold-water soluble starch, cooked 
starch, CMC and amphoteric guar gum; and the synthetic fibre was Dacron (trade mark) polyester, 6 mm 

10 average fibre length. Percol 1 597 was used as a cationizing agent. 

In certain of the tests in Example 4, the resultant sheet showed evidence of over-flocculation. How- 
ever, it is believed that this is unlikely to cause problems in a paper mill owing to the high shear conditions 
prevailing therein. Indeed, significant problems of overflocculation were not encountered in the pilot 
scale runs referred to above. 

15 

Claims 

1. A filler-containing composition suitable for use in the manufacture of fibrous sheet materials and 
20 which comprises (a) filler particles, characterised in that it also comprises (b) synthetic organic fibres, 

and (c) a polymeric material that functions as a coupling agent between the filler particles and the said fi- 
bres (b). 

2. A composition according to claim 1 , characterised in that the filler is clay, talc or calcium carbonate. 

3. A composition according to claim 1 or 2, characterised in that the synthetic organic fibres (b) have 
25 an average length of 4 mm or more. 

4. A composition according to daim 1, 2 or 3, characterised in that the fibres (b) are selected from pol- 
yester fibres and aramid fibres or fibrids. 

5. A composition according to any one of claims 1 to 4, characterised in that the fibres (b) have a sur- 
face coating comprising polyoxyalkylene groups. 

30 6. A composition according to claim 5, characterised in that the coating comprises segmented polyeth- 
ylene terephthalate/polyethylene oxide block copolymer. 

7. A composition according to any one of claims 1 to 6, characterised in that the polymeric material (c) 
is of itself soluble or colloidaily dispersible in water. 

8. A composition according to any one of claims 1 to 7, characterised in that the polymeric material (c) 
35 is a polymer selected from starches, modified starches, cellulose ethers and derivatives thereof, algi- 
nates, cellulose esters, ketene dimers, succinic acid polymers, natural gums and resins, modified natural 
gums, modified natural resins, proteins, polyvinyl alcohol) and polyvinyl acetate). 

9. A composition according to claim 8, characterised in that the said polymer is a cationic starch, car- 
boxymethylcellulose, cationized carboxymethylcellulose or a modified mannogalactan gum. 

40 10. A composition according to any one of claims 1 to 9, characterised in that the coupling component 
(c) also acts as a flocculating agent for the filler particles. 

11. A composition according to claim 10, characterised in that the coupling component (c) is a modified 
guar gum or cationic starch. 

1 2. A composition according to any one of claims 1 to 11, characterised in that it also contains (d) a fioc- 
45 culating agent for the filler particles. 

13. A composition according to claim 12, characterised In that the flocculating agent (d) is a polyacryl- 
amide. 

14. A composition according to any one of claims 1 to 13, characterised in that it also contains (e) a col- 
loidal inorganic polyhydroxy or poiyhydrate compound. 

50 15. A composition according to claim 14, characterised in that the component (e) is selected from colloi- 
dal silicas and colloidal bentonite days. 

1 6. A composition according to any one of claims 1 to 15, characterised in that it is an aqueous composi- 
tion. 

17. A process for the manufacture of a fibrous sheet material by dewatering an aqueous slurry of fi* 
55 bres, wherein a composition that contains (a) filler particles is added to the slurry of fibres before the 

dewatering commences, characterised in that the said fillercontaining composition also comprises (b) 
synthetic organic fibres and (c) a polymeric material that functions as a coupling agent between the filler 
particles and the said fibres (b). 

18. A process according to claim 17, characterised in that the filler-containing composition is accord- 
60 in 9 to anv one °f daims 2 to 1 6. 

19. A process according to daim 17 or 18, characterised in that the fibrous sheet material is manufac- 
tured by the draining of water from a slurry comprising cellulose fibres. 

20. A process according to claim 17, 18 or 19, characterised in that the aqueous slurry of fibres also 
contains a ketene dimer sizing agent 

65 21. A process according to any one of claims 17 to 20, characterised in that there are introduced into 
the fibrous sheet filler partides in an amount of from 3 to 80%, the tiure (b) in an amount of from 0.5 to 
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60% and the coupling agent in an amount of from 0.01 to 5.0%, the percentages being by weight of the 
dry sheet material. 

22. A fibrous sheet material that comprises a matrix of first fibres having distributed therein (a) filler 
particles and (b) second fibres selected from synthetic organic fibres, characterised in that the parti- 

5 cles (a) and fibres (b) are in the form of a composition according to any one of claims 1 to 15. 

23. A fibrous sheet material according to claim 32, characterised in that the filler particles are floccu- 
lated. 

24. A fibrous sheet material according to claim 22 or 23, characterised in that it is a paper, a board or 
awetlaid nonwoven. 



PatentansprQche 

1. FOlistoff-enthaltende Zusammensetzung, geeignet fur die Verwendung bei der Herstellung von fas- 
15 rigen Blattmaterialien, enthaltend (a) FOIIstoffteilchen, dadurch gekennzeichnet, dass sie auch (b) syn- 

thetische organische Fasem und (c) ein polymeres Material enthalt, welches als Kupplungsmitte! zwi- 
schen den FOIIstoffteilchen und den genannten Fasern (b) wirkt 

2. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass der Fullstoff Ton, Taikum oder 
Calciumcarbonat ist. 

20 3. Zusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die synthetischen orga- 
nischen Fasem (b) eine Durchschnittslange von 4 mm oder mehr haben. 

4. Zusammensetzung nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass die Fasern (b) ausge- 
wahlt sind aus Polyesterfasem und Aramidfasern oder -fibriden. 

5. Zusammensetzung nach einem der AnsprOche 1 bis 4, dadurch gekennzeichnet dass die Fasern (b) 
25 einen OberfiachenOberzug haben, der Polyoxyalkyiengruppen enthalt 

6. Zusammensetzung nach Anspruch 5, dadurch gekennzeichnet, dass der Oberzug segmentierte Po- 
lyethylenterephthalat/Polyethylenoxid-Blockcopolymere enthalt 

7. Zusammensetzung nach einem der AnsprOche 1 bis 6, dadurch gekennzeichnet dass das polymere 
Materia) (c) in Wasser losiich oder kolloidal dispergierbar ist 

30 8. Zusammensetzung nach einem der AnsprOche 1 bis 7, dadurch gekennzeichnet dass das polymere 
Material (C) ein Polymeres ist ausgewShlt aus Starken, modifizierten Starken, Zelluloseethem und De- 
rivaten derselben, Alginaten, Zeliuloseestem, Ketendimeren, Bemsteinsaurepolymeren, natOrlichen 
Gummis und Harzen, modifizierten natOrlichen Gummis, modifizierten natOrlichen Harzen, Proteinen, Po- 
ly(vinylalkohoI)und Poly(vinylacetat). 

35 9. Zusammensetzung nach Anspruch 5, dadurch gekennzeichnet dass das Polymere eine kationlsche 
Starke, Carboxymethylzellulose, kationisierte Carboxymethylzellulose oder ein modifizierter Mannoga- 
lactangummi ist. 

10. Zusammensetzung nach einem der AnsprOche 1 bis 9, dadurch gekennzeichnet dass die Kupp- 
lungskomponente (c) auch als Ausflockungsmittel fur die FOIIstoffteilchen wirkt. 
40 11- Zusammensetzung nach Anspruch 10, dadurch gekennzeichnet, dass die Kupplungskomponente 
(C) ein modifizierter Guargummi oder kationlsche Starke 1st. 

12. Zusammensetzung nach einem der AnsprOche 1 bis 11, dadurch gekennzeichnet dass sie auch (d) 
ein Ausflockungsmittel fOr die FOIIstoffteilchen enthalt 

13. Zusammensetzung nach Anspruch 12, dadurch gekennzeichnet, dass das Ausflockungsmittel (d) 
45 ein Polyacrylamid ist 

14. Zusammensetzung nach einem der AnsprOche 1 bis 13, dadurch gekennzeichnet dass sie auch (e) 
eine kolloidale anorganische Polyhydroxy- oder Polyhydratverbindung enthalt. 

15. Zusammensetzung nach Anspruch 14, dadurch gekennzeichnet dass die Komponente (e) ausge- 
wahlt wird aus kolloidalen Siliciumdioxiden und kolloidalen Bentonittonen. 

50 16. Zusammensetzung nach einem der AnsprOche 1 bis 15, dadurch gekennzeichnet dass es eine wass- 
rige Zusammensetzung ist 

17. Verfahren zur Herstellung eines fasrigen Blattmaterials durch Entwasserung einer wassrigen 
Aufschlammung von Fasern, bei dem eine Zusammensetzung, die (a) FOIIstoffteilchen enthalt, der Auf- 
schlammung der Fasern zugesetzt wird, bevor die Entwasserung beginnt dadurch gekennzeichnet 

55 dass die FOlistoff-enthaltende Zusammensetzung auch (b) synthetische organische Fasem und (c) ein 
polymeres Material enthalt, welches als Kupplungsmittel zwischen den FOIIstoffteilchen und den genann- 
ten Fasem (b) wirkt 

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet dass die FQIlstoffenthaltende Zusammen- 
setzung eine gemass einem der AnsprOche 2 bis 16 ist 

60 19. Verfahren nach Anspruch 17 oder 18, dadurch gekennzeichnet, dass das fasrige Blattmaterial 
durch Abziehen von Wasser aus einer Zellulosefasem enthaltenden Aufschlammung hergestellt wird. 

20. Verfahren nach Anspruch 17, 18 oder 19, dadurch gekennzeichnet, dass die wassrige Aufschlam- 
mung von Fasem auch ein Ketendimeres als Schlichte enthalt. 

21. Verfahren nach einem der AnsprOche 17 bis 20, dadurch gekennzeichnet, dass in das fasrige 
65 Blattmaterial FOIIstoffteilchen in einer Menge von 3 bis 80%, die Fa^er (b) in einer Menge von 0,5 bis 
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60% und das Kupplungsmfttel in einer Menge von 0,01 bis 5,0% eingefOhrt werden, wobei Prozentanga- 
ben Gewichtsangaben sind, die sich auf das trockene Blattmateriai beziehen. 

22. Fasriges Blattmateriai, das eine Matrix von ersten Fasem enthalt, in denen (a) FQIIstoffteilchen 
und (b) zweite Fasem, ausgewahit aus synthetischen organischen Fasem, verteilt sind, dadurch ge- 

5 kennzeichnet, dass die Teitchen (a) und die Fasem (b) in Form eirier Zusammensetzung gemass einem 
der Anspruche 1 bis 1 5 voriiegen. 

23. Fasriges Btattmaterial gem§ss Anspruch 22, dadurch gekennzeichnet, dass die FQIIstoffteilchen 
ausgefiockt sind. 

24. Fasriges Blattmateriai gemass Anspruch 22 Oder 23, dadurch gekennzeichnet, dass es ein Pa- 
1 0 pier, ein Karton Oder ein nassabgelegter Vliesstoff ist 



Revendications 

15 1- Une composition corttenant une charge, utilisable dans la fabrication de materieux fibreux en feuille, 
et qui comprend (a) des particules de charge, caract6ris6e en ce qu'elle comprend igalement (b) des fi- 
bres organiques synth§tiques et (c) une matiere polymere qui agit com me un agent de couplage entre les 
particules de charge et lesdites fibres (b). 

2. Une composition selon la revendication 1, caracte>is§e en ce que la charge est de I'argile, du talc ou 
20 du carbonate de calcium. 

3. Une composition selon !a revendication 1 ou 2, caract6rls6e en ce que les fibres organiques synth6- 
tiques (b) ont une longueur moyenne de 4 mm ou plus. 

4. Une composition selon la revendication 1, 2 ou 3, caract6ris6e en ce que les fibres (b) sont choisies 
parmi les fibres de polyester et les fibres ou fibrides d'aramide. 

25 5. Une composition selon Tune quelconque des revendications 1 a 4, caract$ris£e en ce que les fibres 
(b) portent un revetement de surface comprenant des groupes polyoxyalkylenes. 

6. Une composition selon la revendication 5, caracterisSe en ce que le revetement comprend un copo- 
lymere segmente a sequences po1y(te>ephtalate d'ethyl6ne)/poly(oxyde d'&hylene). 

7. Une composition seion I'une quelconque des revendications 1 & 6, caracterisie en ce que la matiere 
30 polymere (c) est par elie-meme soluble ou colloldalement dispersable dans I'eau. 

8. Une composition selon Tune quelconque des revendications 1 a 7, caract£ris6e en ce que la matiere 
polymere (c) est un polymere choisi parmi les amidons, les amidons modifies, les others de cellulose et 
leurs d6riv§s, les alginates, les esters de cellulose, les dimeres de c&enes, les pofymeres d'acide succi- 
nique, les gommes et r^sines naturelles, les gommes naturelles modifiees, les resines naturelles modi- 

35 ftees, les prolines, un alcool polyvinylique et un acetate de polyvlnyle. 

9. Une composition selon la revendication 8, caracterisee en ce que ledit polymere est un amidon catio- 
nique, une carboxym&hylcellulose, une carboxym§thylcel!ulose cationisee ou une gomme de mannogalac- 
tane modifiee. 

10. Une composition selon Tune quelconque des revendications 1 a 9, caracterisee en ce que le compo- 
40 sant de couplage (c) agit dgalement comme un agent floculant pour les particules de charge. 

11. Une composition selon la revendication 10, caract6ris6e en ce que le composant de couplage (c) est 
une gomme guar modifiee ou un amidon cationique. 

12. Une composition seion Tune quelconque des revendications 1 a 11, caract§ris£e en ce qu'elle con- 
tient 6galement (d) un agent floculant pour les particules de charge. 

45 13. Une composition seion la revendication 12, caracterisee en ce que Pagent floculant (d) est un poly- 
acrylamide. 

14. Une composition selon I'une quelconque des revendications 1 a 13, caract6ris6e en ce qu'elle con- 
sent ggalement (e) un compost polyhydroxyte ou polyhydrat£ minora) colloidal. 

15. Une composition selon la revendication 14, caract6ris£e en ce que le composant (e) est choisi par- 
50 mi les siiices coiloTdales et les argiles bentonttes coiloTdales. 

16. Une composition selon Tune quelconque des revendications 1 a 15, caracterisee en ce qu'il s'agit 
d'une composition aqueuse. 

17. Un proc&te pour la fabrication d'un materiau fibreux en feuille par Elimination d'eau d'une suspen- 
sion aqueuse de fibres, dans lequel une composition qui content (a) des particules de charge est ajoutee 

55 k la suspension de fibres avant le commencement de rumination d'eau, caracterise en ce que ladite com- 
position contenant une charge comprend 6galement (b) des fibres organiques synth§tiques et (c) une ma- 
tiere polymfcre qui agit comme un agent de couplage entre les particules de charge et lesdites fibres (b). 

18. Un proc6d6 selon la revendication 17, caract6ris§ en ce que la composition contenant une charge 
est une composition selon i'une quelconque des revendications 2 a 16. 

60 19. Un proc6de selon la revendication 17 ou 18, caracteris§ en ce que le materiau fibreux en feuilie est 
fabriqu6 par l'6gouttage d'une suspension comprenant des fibres de cellulose pour en retirer de I'eau. 

20. Un proc£d6 selon la revendication 17, 18 ou 19, caracterise en ce que la suspension aqueuse de fi- 
bres contient ggalement un ageht d'encoilage du type dimere de c6tfcne. 

21. Un procede selon I'une quelconque des revendications 17 a 20, caracterise en ce, dans la feuille fi- 
65 breuse, les particules de charges sont introduces en une quantity de 3 a 80%, les fibres (b) en une quart- 
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tit§ de 0,5 & 60% et I'agent de couplage en une quantity de 0,01 k 5,0%, tes pourcentages Stant pris par 
rapport au poids du materiau en feuille sec. 

22. Un materiau fibreux en feuille qui comprend une matrice de premieres fibres dans lesquelles sont 
^parties (a) des particules de charge et (b) des secondes fibres choisies parmi les fibres organiques 

5 synth&iques, caract&isS en ce que les particules (a) et les fibres(b) sont sous la forme d'une composi- 
tion selon Tune quelconque des revendications 1 & 5. 

23. Un materiau fibreux en feuille selon la revendication 22, caracterisS en ce que les particules de 
charge sont floculees. 

24. Un materiau fibreux en feuille selon la revendication 22 ou 23, caract6ris6 en ce qu'il s'agit d'un 
10 papier, d'un carton ou d'un non-tiss£ depose par voie humide. 
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Fig.1 




Fig. 2 
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Fig. 5 



